In this paper, a novel real number encoding method of Particle Swarm Optimization (PSO) for
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The model of Fuzzy VRP
We assume that:(1)each vehicle has a container with a physical limitation and total loading of each vehicle cannot exceed its capacity C;(2) each vehicle has maximum distance constraints, and total travel distance of each vehicle cannot exceed L; (3) a vehicle will be assigned for only one route on which there may be more than one customer; (4) a customer will be visited by one and only one vehicle; (5) each route begins and ends at the company depot;(6)the demand of each customer is a triangular fuzzy number ) , , ( 
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The objective function (5) seeks to minimize total planned travel distance. The objective function (6) seeks to minimize total additional travel distance due to routes failure, ' c can be obtain by stochastic simulation algorithm in Section 3.3. The sum of the planned distance and additional distance can be obtained by the improved differential evolution algorithm. Chance constraint (7) assures that all customers are visited within vehicle capacity with a confidence level. Constraints (8) ensure that each customer is visited by exactly one vehicle. Constraints (9) guarantee that the same vehicle arrives and departs from each customer it serves. Restrictions (10) define that at most k vehicles are used.
Restrictions (11) and (12) express the relation between two decision variable. Restrictions (13) are the maximum distance constraints, L is the upper limit on the total distances transported by a vehicle in any given section of the route. Finally, constraints (14) define the nature of the decision variable.
The improved PSO method

Foundation of PSO
The general principles for the PSO algorithm are stated as follows. A particle is treated as a point in an M-dimension space, and the status of a particle is characterized by its position and velocity. Initialized with a swarm of random particle, PSO is achieved through particle flying along the trajectory that will be adjusted based on the best experience or position of the one particle(called local best) and the best experience or position ever found by all particles(called global best). The Mdimension position for the ith iteration can be denoted as X i (t)={x i1 (t),x i2 (t)…,x im (t)},similarly, the velocity (i.e.,distance change),also an M-dimension vector, for the ith iteration can be described as
,…,v iM (t)}, the particle-updating mechanism for particle flying(i.e., search process) can be formulated as following.
,and P means the total number of the particles in a swarm, which is called population size;
T t , , 2 , 1   , and T means the iteration limit;
represents the local best of the ith particle encountered after t-1 iterations, while
the global best among all the swarm of particles achieved so far. 1 c and 2 c are positive constants (namely, learning factors), and r1 and r2 are random numbers between 0 and 1; w(t) is the inertia weight used to control the impact of the previous velocities on the current velocity, influencing the trade-off between the global and local experiences.
Particle representation
One of the key issues in designing a successful PSO algorithm is the representation step, i.e. finding a suitable mapping between problem solution and PSO particle. In this paper, we setup a N-dimension search space, N is the total number of customer to be served, X i ={x i1 ,x i2 ,...,x iN }, x i1 ,x i2 ,...,x iN is an arrange of the customer's number, denotes the ith particle's position in the population, according to the restriction of vehicle's capacity, the encoding can be decompose to several sections, every section Yang Peng, Ye-mei Qian denote the customers and the order served by a vehicle. For example, there are 10 customer and 3 vehicle, if a particle's position is:{5,3,7,2,1,4,10,6,9,8}, and decompose to {5,3,7|2,1,4,10|6,9,8}, then it maps to the solution as follow:
Vehicle 1: 5→3→7; vehicle 2: 2→1→4→10; vehicle 3: 6→9→8.
In the particles evolution, the encode of particle will be a real number, then through a process we can transfer it into a integer number, suppose:
} is a real number, then sort it into 
Additional distance algorithm for the FVRP
Because the demand on each customer is a triangular fuzzy number, we cannot deal with it directly as a deterministic number by applying other algorithms that solve the deterministic vehicle routing problem. The real value of demand of a customer when the vehicle reaches the customer can be considered as a deterministic number by simulation. For each feasible planned route that the solution of the above model stands for, we obtain an approximate estimate about additional distances ( ' c ) . due to routes failure by a stochastic simulation algorithm, it is distribled as follows.
Step 1: For each customer, estimate the additional distances by simulating "actual" demands. The "actual" demands were generated by following processes:
Step1.1: Randomly generate a real number x in the interval between the left and right boundaries of the triangular fuzzy number representing demand at the customer, and compute its membership u ;
Step 1.2: Generate a random number
Step 1.3: Compare a with u , if u a  , then "actual" demand at the customer is adopted as being equal to x ; in the opposite case, if a > u , it is not accepted that demand at the customer equals x . In this case, random numbers x and a are generated again and again until random number x and a are found that satisfy relation u a  ;
Step 1.4: Check and repeat Step 1.1~ Step 1.3, and terminate the process when each customer has a simulation "actual" demand quantity.
Step 2: Move along the route designed by credibility theory and accumulate the amounts picked up from each customer, and calculate the additional distance due to routes failure in terms of the ``actual'' demand.
Step 3: Repeat Step 1 and Step 2 M times.
Step 4: Compute the average value of additional distance by M times simulation, and it is regarded as the additional distance.
The procedure of the proposed algorithm
The procedure of the hybrid PSO can be stated as following: Begin Initialize parameters: swarm size, maximum of generation, α, β, w, c1, c2; Set t0, tf, λ, R ; t:=1;
Initialize the particles' position X and the particles' velocity, particles' velocity is generated as section 3.2, due to the fuzzy demand of customer, the particles' position X can be generated as following:
( Therefore, when the operational plan is performed, we suggest the dispatcher preference index should be 0.6 approximate.
Conclusion
This paper contributed to the vehicle routing problem with fuzzy demands in the following respects: (1) a effective particle swarm optimization method encoded by real number is proposed for the FVRP ,
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Volume 5, Number 6, August 2010 focusing on total traveled distance minimization;;(2)a chance constrained program mathematic model of FVRP was proposed based on credibility theory; (c) the dispatcher preference index greatly influenced the length of the planned routes and the additional distances covered by vehicles due to failures at the customers, and the propositional ``best'' value of parameter * Cr was obtained by the proposed hybrid algorithm.
Further research work may include FVPR with other constraints, such as with time windows, or with reverse logistics etc.
